The hormonal oscillations that occur during the female reproductive cycle influence the morphophysiology of several organs of the reproductive system. The female prostate is a functional organ sensitive to the action of steroidal hormones, but it is not known whether the hormonal oscillations that occur during the reproductive cycle can alter the biology of this gland. Thus, the present work aims to evaluate the morphofunctional aspects of the female prostate during the gerbil estrous cycle. For this purpose, morphological, morphometric-stereological, serological, and immunocytochemical analyses were carried out. The results of the present study show that the hormonal oscillations that occurred during the estrous cycle altered both the structure and functionality of the gerbil female prostate. These alterations include increased prostatic growth and augmented secretory activity during the proestrus and estrus phases and a gradual decrease of the secretory activity and glandular development in the diestrus I and II phases. These cyclical oscillations appear to be determined by the hormonal peaks of estrogen in diestrus II and by the high levels of progesterone during estrus, since the androgen levels remained constant throughout the estrous cycle.
INTRODUCTION
The female prostate, also called Skene paraurethral glands in women or simply paraurethral glands in other mammals, is an accessory gland found in the female genital system, and it has been described as morphofunctionally similar to the male prostate gland and with a histological pattern distinct from other accessory reproductive glands, such as paraurethral and/ or bulbourethral glands in males [1] [2] [3] [4] [5] [6] [7] [8] . In addition, the embryonic development of both the male and female prostate is homolog, arising from the urogenital sinus, whereas, considering several phases of the postnatal period, the secretory maturity of the female prostate has been assumed to precede the male gland secretory development [5] .
In Mongolian gerbil females, the occurrence of a morphofunctionally developed prostate is greater compared with other rodents, which makes this species a very good model for studies of this gland. Thus, the female prostate of this current experimental model is characterized by a set of acini and ducts that open into the urethra [6, 7] . These acini are lined with a differentiated secretory epithelium active in the production of a glycoproteinic prostatic-specific antigen (PSA)-positive fluid [6] . Although there are several studies that evaluated the morphology of the female prostate in humans and rodents [8] , little is known about the factors that regulate the prostatic morphophysiology.
Experimental studies involving the administration of androgens [6, 9] and anti-estrogenic agents [10] in the gerbil female prostate showed that this gland expresses androgenic and estrogenic receptors, and that it is sensitive to alterations in the serum levels of these hormones.
The female organism is naturally subjected to hormonal oscillations that occur during the reproductive cycle. It is well known that these changes affect the structure of several organs in the reproductive system [11, 12] . However, no research has yet evaluated whether the hormonal alterations during the reproductive cycle can influence the biology of the female prostate gland. This question is fundamentally important to understanding prostatic morphophysiology, especially because disruption of the ovarian cyclicity during aging can be related to the installation of several prostatic disorders in women [13, 14] . Hence, the present work aimed to evaluate the morphofunctional aspects of the female prostate by looking at the estrous cycle of the Mongolian gerbil. In this experimental animal, the histological and histochemical parameters have been described neglecting these cyclic phases.
MATERIALS AND METHODS

Animals and Experimental Design
Forty 3-mo-old female gerbils (Meriones unguiculatus, Gerbillinae: Muridae) were used in this study. The animals were maintained under conventional conditions of temperature and humidity (258C, 40%-70% relative humidity, 12L:12D), with free access to chow and water. Daily vaginal smears were collected at 1000 h for 12 consecutive days to determine estrous cycle phases. Females with regular cycles of 4 to 6 days were divided into four groups: proestrus, estrus, diestrus I, and diestrus II (n ¼ 10 animals per group) [12] . After being anesthetized by CO 2 inhalation, the animals were weighed and immediately decapitated. Blood samples were collected for serological analysis. The tissues (urethra plus prostatic tissue [UPT]) were dissected out, weighed, and fixed according to different protocols, as specified below. The urethra plus adjacent tissues were dissected out using an Olympus SD-ILK stereoscopic microscope (Olympus Optical Co. Ltd.) to remove the adipose tissue and isolate the prostatic tissue plus the associated urethral segment. The separation of these components was performed by sectioning them at the base of bladder to obtain a block containing the entire UPT. Animal handling and experiments were performed according to the ethics guidelines of the São Paulo State University, following the Guide for Care and Use of Laboratory Animals (National Institutes of Health).
Serological Analysis
Circulating serum estradiol (E 2 ), progesterone (Pr), testosterone, and PSA levels were determined by immunochemical assays. The PSA levels were evaluated indirectly because it is well known that rats and mice do not express PSA [15] . A previous work using the gerbil model described this analysis considering a PSA-like protein or a kallikrein family serinoprotein that shows cross-reactivity with the antibodies used in the present work [6, 10] . After the animal's decapitation, 10 samples were collected from each experimental group, and the serum was separated by centrifugation (3000 rpm) and stored at À208C for subsequent hormone assay. Measurements were performed by chemiluminescence immunoassay in the automatic analyzer Vitros-ECi (Johnson & Johnson, Rochester, NY). The sensitivity was 0.1-3814 pg/ml for E 2 , 0.1-150 ng/ml for testosterone, 0.15-60 ng/ml for Pr, and 0.1-100 ng/ ml for human PSA. For testosterone, estradiol, and human PSA, the respective intraassay variations were 1%, 1.1%, and 0.97%, whereas the interassay variations were 2.1%, 1.5%, and 1.75%.
Structural Analysis
The urethra and adhering tissues were fixed by immersion for 24 h in Karnovsky solution (5% paraformaldehyde, 2.5% glutaraldehyde in 0.1 M phosphate buffer, pH 7.2) or in 4% paraformaldehyde. After fixation, the tissues were washed under running tap water, dehydrated in an ethanol series, cleared in xylene, embedded in paraffin (Histosec; Merck, Darmstadt, Germany) or glycol methacrylate resin (Historesin embedding kit; Leica, Nussloch, Germany), and cut into 3-lm sections with an automatic rotatory microtome (RM2155; Leica). Sections were stained with hematoxylin-eosin for general morphological analysis [16] . Neutral carbohydrates were identified by the periodic acid-Schiff (PAS) test [16] . The specimens were analyzed with a Zeiss-Jenaval (Jena, Germany) or Olympus BX60 (Hamburg, Germany) light microscope, and the images were digitized using the software Image-Pro Plus version 4.5 for Windows (Media Cybernetics).
Immunocytochemistry
Sections of 4% paraformaldehyde-fixed female prostates were subjected to immunocytochemistry for the detection of androgen receptor (AR) and PSA, as described previously in protocols applied to the prostate [17, 18] . Primary antibodies for AR (rabbit polyclonal immunoglobulin G [IgG] , N-20) and PSA (mouse monoclonal IgG, A67-B/E3; Santa Cruz Biotechnology, Santa Cruz, CA) were used at a dilution of 1:100. Peroxidase-conjugated specific antibodies (Santa Cruz Biotechnology) and 3,3 0 -diaminobenzidine were used as secondary antibodies and peroxidase substrate, respectively. Sections were counterstained with Harris hematoxylin.
Morphometric and Stereological Analysis
Random prostatic fields from hematoxylin-eosin sections were analyzed by Image-Pro Plus version 4.5 for Windows. The stereological analyses were carried out using Weibel multipurpose graticulate with 130 points and 60 test lines [19] to compare the relative proportion (relative volume) of each prostatic tissue component (epithelium, lumen, muscular stroma, and nonmuscular stroma) as described by Huttunen et al. [16] for prostatic tissue. Thirty microscopic fields were chosen at random. In summary, the relative values were determined by counting the coincident points of the test grid and dividing them by the total number of points. Absolute volumes could not be determined because it was not possible to separate the female prostate from adhering tissue and determine its weight.
The number of acinar profiles per prostate was estimated by counting of acini number present in the most central region of the prostates examined at each stage of the estrous cycle. The number of secretory, clear, and basal epithelial cells per acinus was counted, and the individual contribution of each cell type is expressed as a percentage. This count was based on the evaluation of 30 acini per group. Morphometric analysis also included the determination of epithelial cell thickness, smooth muscle cell and collagen layer thickness, nucleus:cytoplasm ratio, nuclear area (lm 2 ), and nuclear perimeter (lm). We used 200 measurements per group for these parameters.
Statistical Analysis
All of the statistical tests were performed with Statistica 6.0 software (StarSoft Inc., Tulsa, OK). The quantitative results are expressed as mean 6 standard error, and the analysis of variance and Tukey honest significance difference tests were applied, with P 0.05 considered statistically significant.
RESULTS
Biometric Analysis
The statistical analyses of the gerbil adult female weights (Table 1) indicate an absence of significant differences in the body weight among the phases of the estrous cycle. However, the absolute weight of the UPT and its relative weight were significantly higher (P 0.05) during proestrus and estrus.
Hormonal Serum Dosage
The serum levels of E 2 , Pr, testosterone, and PSA in all estrous cycle phases are shown in Figure 1 . Serum E 2 levels (Fig. 1a ) remained constant through proestrus (23.6 6 4.9 pg/ ml), estrus (31 6 26.1 pg/ml), and diestrus I (27.6 6 16.4 pg/ ml) before reaching their maximum concentration peak during the diestrus II phase (116.2 6 63.5 pg/ml; P 0.05). The progesterone levels (Fig. 1b) were significantly higher during the estrus phase (89.7 6 38.8 ng/ml), and they remained low (6-13 ng/ml) during the other phases. The serum testosterone concentration (Fig. 1c) remained low through all phases of the estrous cycle, and it did not surpass the average of 0.5-0.8 ng/ ml. The PSA levels (Fig. 1d) were similar during the phases of proestrus (0.15 6 0.1 ng/ml), diestrus I (0.11 6 0.05 ng/ml), and diestrus II (0.16 6 0.05 ng/ml), but they were significantly (P 0.05) higher during estrus (0.4 6 0.2 ng/ml). * The relative UPT weight corresponds to the ratio between the UPT weight and the body weight. a,b Different superscripts letters indicate significant differences between the phases of the estrous cycle (P 0.05).
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Number of Acinar Profiles per Sectional Area
The number of profiles of acini per sectional area varied significantly (P 0.05) throughout the estrous cycle (Fig. 2) . During proestrus, it was possible to observe, on average, 16.3 6 7.9 acinar profiles per sectional area, and in estrus there was a decrease in these acini to 11.4 6 4.0. In diestrus I, it was possible to observe 14.4 6 4.7 acinar profiles, and by the end of the cycle (diestrus II) the number of these profiles had peaked at 23.4 6 5.6.
Morphological and Morphometric Aspects
The structural characteristics of the gerbil female prostate ( Fig. 3 and Table 2 ) varied according to the phase of the estrous cycle.
In proestrus, the gland (Fig. 3 , a-c) was characterized by acini with ample lumen and columnar epithelium (12.9 6 4.0 lm) surrounded by a continuous layer of smooth muscle cells (7.1 6 2.9 lm). During estrus (Fig. 3, d-f) , there was an expansion of acini reaching a greater secretory epithelium thickness (16.1 6 5.1 lm) in comparison to the other phases. Additionally, in estrus the smooth muscle cell layer became thicker (9.4 6 3.1 lm), whereas the periacinar stroma became denser in cells and fibers. These data are shown in Table 2 and were statistically significant according to Tukey test (P 0.05).
The female prostates in diestrus I (Fig. 3, g-i) presented small acini lined with cubic epithelium (9.4 6 3.3 lm). The surrounding muscle layer became thinner (5.9 6 2.4 lm), and the stroma appeared more developed. In diestrus II (Fig. 3, j-l) , the prostatic acini showed a regressive aspect, with cellular ''debris'' occupying the interior of their lumens (Fig. 3j) . However, the secretory epithelium compartment became folded and significantly thicker (13.4 6 4.6 lm) compared with diestrus I, presenting columnar cells similar to those observed in proestrus (Table 2) .
Stereology
Throughout the estrous cycle, relative volumes of female prostate tissue compartments (Table 2 ) presented significant oscillations (P 0.05). The epithelial compartment remained constant (26%-30%) in proestrus, estrus, and diestrus II, but presented a considerable decrease in diestrus I (18.3% 6 6.7%). The lumen presented higher development during estrus (38% 6 15.5%) and shrank in diestrus II (14.5% 6 6.3%). The volume of muscular stroma remained constant in proestrus, estrus, and diestrus I (14%-19%), but grew during diestrus II (26.8% 6 12.2%). The volume of nonmuscular stroma was higher in diestrus I (38.2% 6 15.3%) and remained constant (24%-31%) during the rest of the cycle.
Frequency of Female Prostate Cell Types During the Estrous Cycle
The dark (Table 2) or typical secretory cells were the dominant cell type during all estrous cycle phases, amounting to about 75%-80% of the female prostatic cells. A minor proportion of this cell type was observed during diestrus II, which was a phase characterized by a greater expression of basal and ciliated cells. The proportion of clear cells remained low throughout the cycle, and they did not exceed 1.3%. Proliferating cells were also rare, and the smaller mitotic figures were observed in estrus, but they did not surpass 0.2% 6 0.02%.
Karyometry
The karyometric analysis of the gerbil female prostate (Table 2) shows that there were slight nuclear alterations during the estrous cycle (P 0.05). These changes include a slight rise in the nuclear area during estrus and a decrease in nuclear perimeter during diestrus phases I and II. Diestrus I showed a greater nuclear:cytoplasmic area ratio. a, d, g, j) . Figure 4 shows the glycoproteinic (PAS-positive) secretion pattern and the expression of the serineprotease reactive to human anti-PSA antibody. In proestrus (Fig. 4, a and b ) and in estrus (Fig. 4 , e and f) it was possible to observe a great amount of PSA-positive secretion in the glandular lumen and in the cytoplasm of some dark secretory cells. Clear secretory cells are PSA negative. Glycoproteinic secretion decreased considerably during diestrus I and II, since it was observed in small amounts in the lumen and in the apical portion of the secretory cells.
Secretory Activity of the Female Prostate
The human anti-PSA antibody-reactive serineprotease was expressed in large amounts in the glandular lumen and in the apical portion of the secretory epithelial cells during the proestrus phase (Fig. 4, c and d) . During the estrus (Fig. 4 , g and h), diestrus I (Fig. 4, k and l) , and diestrus II (Fig. 4 , o and p) phases, PSA staining was observed in the supranuclear cytoplasm of isolated clusters of secretory epithelial cells.
Expression of ARs
Immunocytochemical analyses showed that ARs are expressed during all estrous cycle phases (Fig. 5) . In the epithelium, AR expression occurs in the basal, proliferative, ciliated, and dark secretory cells. The clear secretory cells do not express AR (Fig. 5a ). In the stroma, ARs are expressed by fibroblasts and smooth muscle cells.
The AR expression pattern is similar during the proestrus, diestrus I, and diestrus II phases, in which the occurrence of this receptor is greatest in the epithelial compartment (Fig. 5, a, b, e-h). During the estrus phase, AR expression is highest in the stromal compartment (Fig. 5, c and d) .
DISCUSSION
The results obtained from the present study indicate that the gerbil female prostate activity presents cyclical dynamics during the estrous cycle. These dynamics include increasing prostatic growth and a rise in secretory activity during the proestrus and estrus phases, as well as a gradual diminishment of secretory activity and a decline in glandular development during diestrus phases I and II. These cyclical oscillations appear to be determined by the E 2 and Pr hormonal peaks, since the serum testosterone levels remained constant throughout the estrous cycles of these animals.
In female Wistar rats (with a 4-day estrous cycle) and mice (with a 6-to 7-day estrous cycle), the estrous cycle is characterized by the occurrence of an E 2 peak followed by a Pr peak, both during proestrus. In humans (28-day menstrual cycle), the E 2 cycle occurs by the end of the follicular phase, and the progesterone peak occurs in the middle/end of the luteal phase of the menstrual cycle [20] . However, the serum hormonal profile of female gerbils, whose estrous cycle varies from 4 to 6 days, differed from the one observed in humans, rats, and mice, in that the gerbil Pr peak occurred during estrus and the E 2 peak during diestrus II.
By the end of the estrus (diestrus II) cycle, the female prostate presented a regressive aspect, with a large number of small acini containing little interior secretion. The secretory epithelium was moderately tall. Due to the greater occurrence of basal and ciliated cells, the proportion of secretory cells during this phase was the smallest of the entire estrous cycle.
The natural occurrence of ciliated cells in the gerbil female prostate was described in previous studies [9] . The role that these cells play in the female prostate remains unknown but, based on the hormonal results obtained in the present work, it is clear that their expression is influenced by the balance between the E 2 and Pr levels. Studies that evaluate the effects of hormonal oscillation during the reproductive cycle on the ciliogenesis of uterine tube epithelium showed that the estrogens induce cytodifferentiation and the growth of ciliated epithelial cells [11] . Thus, the greater expression of ciliated cells in the gerbil female prostate during diestrus II may be associated with the E 2 peak that occurred during this phase.
After finishing a cycle in a state of low secretory activity, the female prostate initiates a new estrous (proestrus) cycle with low E 2 and Pr serum levels and showing high glandular development. The prostatic acini became larger, showing wide lumens full of PSA-positive glycoproteinic secretion.
The next phase (estrus) was characterized by a peak of serum progesterone levels. During this phase, the female prostate development was maximal. The acini became less numerous but larger and more filled with secretion. The epithelial cells reached the maximum height and presented a typically secretory phenotype. During this phase, the AR expression was intense, mainly in stromal cells and epithelial basal cells. This staining pattern was differentiated from the other phases of the estrous cycle by more frequent and intense staining of secretory cells and basal cells within the epithelial compartment. Immunocytochemical studies with male rats showed lack of AR expression in basal cells [21] . However, male gerbils express AR-positive basal cells [22] similar to the ones observed in females during the estrous cycle. In male gerbils, the basal cells are associated with the maintenance and regeneration of prostatic epithelium. These cells appear to play the same role in the gerbil female prostate, since the estrous cycle hormonal oscillations directly alter the proportion of cell types in prostatic epithelium.
Another remarkable feature of the estrus phase was that the serum PSA concentration reached values almost three times higher than the values observed during the other cycle phases. The PSA and PSA-reactive serineprotease are produced not   FIG. 4 . Histological sections of the gerbil female prostate subjected to the reaction of PAS and the immunostaining serineprotease reactive to the human anti-PSA antibody (PSA). Counterstaining: Harris hematoxylin. In the PAS reaction (a, b, e, f, i, j, m, n), a great amount of PAS-positive secretion is observed in the lumen (L) and in the cytoplasm of the dark secretory cells (arrows) during the proestrus (a, b) and estrus (e, f ) phases. Clear secretory cells (c) are PAS negative. During diestrus I (i, j) and diestrus II (m, n), there is a small amount of secretion in the lumen and in the apical portion of the secretory cells (arrows). In  PSA immunostaining (c, d, g, h, k, l, o, p) , it is possible to observe secretion in the glandular (*) lumen and in the apical portion of the secretory cells (arrows). In estrus (g, h), diestrus I (k, l), and diestrus II (o, p), the PSA staining occurs in the supranuclear cytoplasm of isolated clusters of secretory epithelial cells (arrows). Bars ¼ 20 lm (b, d, f, h, j, l, n, p), 50 lm (c, g, k, o) , and 100 lm (a, e, i, m).
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only by the prostatic cells but also by the breast and other tissues in males and females [23] . This expression is stimulated by androgens and progesterone, and it is inhibited by estrogens [24] . Studies on PSA expression during the human menstrual cycle showed that the serum concentration of this serineprotease is highest in the middle/end of the follicular phase. This higher serum PSA concentration was directly related to the progesterone peak that occurs in the middle/end of the luteal phase [25] . These results obtained with women are similar to those obtained by the present study using female gerbils and provide another indication of the influence that the estrous cycle exercises on prostatic physiology. Although PSA expression is not exclusive to prostatic tissue, its higher serum concentration can be associated with the intense prostatic activity that took place during estrus in the gerbils. Thus, the greater prostatic development observed during estrus, which is the period of sexual receptivity and ovulation, can be associated with a higher production of the female prostatic fluid, which will contribute to fertilization success.
Although estrus was characterized as a phase of intense prostatic development, diestrus I represented a period of declining glandular activity. The prostatic acini became smaller and presented little secretion in their interior. The prostatic epithelium became lower but intensely AR positive. The hormonal profile during this phase was characterized by a brisk drop of serum Pr levels, whereas the E 2 and testosterone levels remained constant.
Based on the results obtained by the present study, it is possible to conclude that the morphophysiological alterations that occurred in the female prostate during the estrous cycle are related to oscillations of serum E 2 and Pr levels and to the interaction of both of these hormones with constant androgen levels. The role that these estrogens play in the prostate has been studied in male rodents, and it is related to the modulation of androgen effects [26] . Recent studies have demonstrated the important role of these estrogens in prostatic development and homeostasis, and they also have proven that they present different actions that are mediated by epithelial (ESR2, also known as ERb) and stromal (ESR1, also known as ERa) receptors [27] . Nevertheless, there are no studies so far that evaluate the effect of progesterone on the female prostate or the interaction between progesterone and estrogens in this gland. Previous work has described that ARs are expressed predominantly in the human and nonhuman primate endometrial stroma throughout the menstrual cycle. Under normal cyclic conditions, stromal AR levels seem to be upregulated by E 2 and suppressed by Pr [28] . In this manner, more studies that investigate the specific role that the progesterone/androgen/ estrogen interaction plays in the female prostate are necessary, especially concerning why the imbalance among these hormones has been associated with the installation of prostatic disorders in aging women [13, 14, 29] and female rodents [30] .
